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,QWURGXFWLRQ
)OH[LEOH SOXJ H[SDQVLRQ MRLQWV ZKLFK FUHDWH D FRPSOHWHO\
FORVHG DEVROXWHO\ IODW GULYLQJ VXUIDFH DFURVV D VWUXFWXUH¶V
PRYHPHQWJDSRIIHUYDULRXVEHQHILWVRYHURWKHUVPDOOPRYHPHQW
H[SDQVLRQMRLQWW\SHV7KHFRQWLQXRXVIOH[LEOHVXUIDFHUHVXOWVLQ
XQVXUSDVVHGGULYHUFRPIRUWDQGH[WUHPHO\ORZQRLVHXQGHUWUDIILF
ZKLOHDOVRHOLPLQDWLQJGLVFRPIRUWDQGVDIHW\ULVNVIRUSHGHVWULDQV
DQGF\FOLVWV)XUWKHUPRUHWKHZD\WKHMRLQWVDUHFRQVWUXFWHGE\
SRXULQJ IUHVKO\ PL[HGPDWHULDO LQ VLWX IDFLOLWDWHV WUDQVSRUW DQG
KDQGOLQJDQGPDNHVH[SDQVLRQMRLQWVLQVWDOODEOHLQVHFWLRQVODQH
E\ODQHZLWKDQ\GHVLUHGVKDSHRUORQJLWXGLQDOSURILOHHJZLWK
LQWHUVHFWLRQVRUXSVWDQGV
+RZHYHUIOH[LEOHSOXJH[SDQVLRQMRLQWVPDGHIURPWUDGLWLRQDOELWXPLQRXVPDWHULDOVKDYHORQJEHHQSODJXHGZLWK
GXUDELOLW\ SUREOHPV QRW SHUIRUPLQJ DV ZHOO ORQJ WHUP DV MRLQWV PDQXIDFWXUHG SULPDULO\ IURP VWHHO LQ IDFWRU\
FRQGLWLRQV&RQWLQXRXVG\QDPLFORDGLQJDQGEUDNLQJDFFHOHUDWLRQIRUFHVIURPYHKLFOHZKHHOV\HDUDIWHU\HDUFDXVH
VWUHVVHVLQWKHPDWHULDOUHVXOWLQJLQFUDFNLQJORVVRIZDWHUWLJKWQHVVDQGJHQHUDOGHWHULRUDWLRQ±LPSDFWVWKDWZRXOG
RQO\EHH[DFHUEDWHGE\LPSURSHUSUHSDUDWLRQRQVLWHDQGLQFRUUHFWWHPSHUDWXUHGXULQJLQVWDOODWLRQW\SLFDOO\DSSUR[
&)UHTXLUHG
7R RYHUFRPH WKHVH VKRUWFRPLQJV ZKLOH UHWDLQLQJ WKH DIRUHPHQWLRQHG EHQHILWV WKH GHVLJQ RI WKH IOH[LEOH SOXJ
H[SDQVLRQMRLQWKDVEHHQRSWLPL]HGXWLOL]LQJVXSHULRUQRQELWXPLQRXVPDWHULDOVDQGLQFRUSRUDWLQJLPSURYHGVXSSRUW
DQGFRQQHFWLRQGHWDLOV7KHUHVXOW±WKH3RO\IOH[$GYDQFHG38H[SDQVLRQMRLQW)LJ±LVGHVFULEHGEHORZ
1.1. Structure 
7UDGLWLRQDO ELWXPHQEDVHG IOH[LEOH SOXJ H[SDQVLRQ MRLQW PDWHULDOV VXIIHU IURP VHYHUDO GLVDGYDQWDJHV $W ORZ
WHPSHUDWXUHVIRULQVWDQFHWKHPDWHULDOXVHGLVJHQHUDOO\YHU\VWLIIFDXVLQJGHERQGLQJDQGUHVXOWLQJLQOHDNLQJZKLOH
DWKLJKWHPSHUDWXUHVWKHPDWHULDOEHFRPHVZHDNDQGWHQGVWRGHIRUPSODVWLFDOO\,QFRQVLVWHQWTXDOLW\GXHWRLPSURSHU
PL[LQJDQGLQFRUUHFWWHPSHUDWXUHGXULQJLQVWDOODWLRQKLJKWHPSHUDWXUHVUHTXLUHGDOVRIUHTXHQWO\FDXVHSUREOHPV$V
D UHVXOW RI VXFK GLVDGYDQWDJHV DVSKDOWLF SOXJ MRLQWV DUH VXEMHFW WR YDULRXV OLPLWDWLRQV )RU H[DPSOH WKH\ VKRXOG
JHQHUDOO\QRWEHLQVWDOOHGLQKLJKZD\VDQGORFDWLRQVZLWKIUHTXHQWDFFHOHUDWLRQDQGEUDNLQJVXFKDVLQWKHYLFLQLW\RI
EXVVWRSVWUDIILFOLJKWVHWFDQGWKH\VKRXOGQRWEHXVHGLQUDLOZD\EULGJHVXQGHUVWRQHEDOODVW$QGLQJHQHUDOWKH
IXQFWLRQDOLW\DQGGXUDELOLW\RIDVSKDOWLFSOXJMRLQWVKDVRIWHQEHHQIRXQGIURPH[SHULHQFHWREHXQUHOLDEOH
,Q6ZLW]HUODQGLQYHVWLJDWLRQVFDUULHGRXWLQFRRSHUDWLRQZLWK(03$WKH6ZLVV)HGHUDO/DERUDWRULHVIRU0DWHULDOV
6FLHQFH DQG 7HFKQRORJ\ VKRZHG WKDW WKH ELWXPHQ TXDOLW\ EHLQJ XVHG IRU VXFK MRLQWV YDULHG FRQVLGHUDEO\ ZLWK
VXEVWDQWLDO HIIHFWV RQ MRLQW IXQFWLRQDOLW\ DQG GXUDELOLW\ 6PDOO FKDQJHV LQ WKH FKHPLFDO FRPSRVLWLRQ RI WKH UDZ
PDWHULDOVOHGWRELJUHGXFWLRQVLQH[SDQVLRQMRLQWTXDOLW\$VDUHVXOWFRQVWUXFWLRQSURMHFWFOLHQWVDQGH[SDQVLRQMRLQW
PDQXIDFWXUHUV EHFDPH LQFUHDVLQJO\ FRQFHUQHG DERXW WKH RQJRLQJ VXLWDELOLW\ RI WKH V\VWHPV IRU XVH $ GHPDQG
GHYHORSHGIRUDIOH[LEOHSOXJV\VWHPXVLQJSOXJPDWHULDOWKDWFRXOGEHSURGXFHGE\WKHH[SDQVLRQMRLQWVXSSOLHURU
WKDWFRXOGDWOHDVWEHDFTXLUHGIURPDPDWHULDOVVXSSOLHULQWKHUHTXLUHGTXDOLW\
1.2. Design and Characteristics of the Improved PU-based Flexible Plug Joint 
,QVWHDGRIWKHELWXPLQRXVPDWHULDOWUDGLWLRQDOO\XVHGWRIRUPWKHGULYLQJVXUIDFHRIIOH[LEOHSOXJH[SDQVLRQMRLQWV
WKH3RO\IOH[$GYDQFHG38H[SDQVLRQMRLQWXVHVDVSHFLDOO\VHOHFWHGVROYHQWIUHHKLJKO\GXUDEOHSRO\XUHWKDQH38
PDWHULDO
)LJ$3RO\IOH[$GYDQFHG38H[SDQVLRQMRLQW
111 Gustav Gallai /  Procedia Engineering  156 ( 2016 )  109 – 115 
 6WUXFWXUH
 3RO\PHUFRQFUHWHEDVH
 %ULGJHSODWHDFURVVJDS
 3HUIRUDWHGVWHHODQJOH
 6SRQJHUXEEHU
 %ULGJHZDWHUSURRILQJ
 6SHFLDO38PDWHULDO
 $QFKRULQJ
 6WDELOL]LQJEDULIQHHGHG
 5RDGVXUIDFLQJ


7KH38PDWHULDORULJLQDOO\XVHGZKLFKZDVDGDSWHGIRUURDGH[SDQVLRQMRLQWUHTXLUHPHQWVKDGDORQJKLVWRU\RI
XVHDVZDWHUSURRILQJIRUURRIVDQGKDVEHHQFRQVWDQWO\LPSURYHGRYHUWKH\HDUV7KHPDWHULDOKDVVKRZQWHVWYDOXHV
RIHORQJDWLRQEHIRUHEUHDNLQJFRPSDUHGWRIRUVWDQGDUGUXEEHUZKLFKHQKDQFHVGXUDELOLW\DQG
PDNHVWKHPDWHULDODQLGHDOFKRLFHIRUXVHLQH[SDQVLRQMRLQWV\VWHPV
:LWKSHUIRUDWHGVWHHOVXSSRUWHOHPHQWVLQFRUSRUDWHGLQWKHGHVLJQ>)LJ@WKHMRLQWFDQZLWKVWDQGORQJWHUPWUDIILF
ORDGLQJDQGEUDNLQJDQGUHDFWLRQIRUFHVZKLOHDFFRPPRGDWLQJVLJQLILFDQWVWUXFWXUHPRYHPHQWVDWERWKYHU\ORZDQG
YHU\KLJKWHPSHUDWXUHV7RWDOPRYHPHQWVRIXSWRPPLQFKHVKDYHEHHQDFFRPPRGDWHGLQVHYHUDOFRXQWULHV
RQYDULRXVSURMHFWVLQVXFFHVVIXORSHUDWLRQVLQFH
,QDGGLWLRQWRLWVH[FHSWLRQDOHODVWLFLW\WKHVSHFLDO38PDWHULDOXVHGRIIHUVHQRUPRXVWHDUUHVLVWDQFHZLWKDWHDU
VWUHQJWKRI1PPð,WW\SLFDOO\KDVDWHQVLOHVWUHQJWKRI1PPðD
GHQVLW\JFPñDQGD6KRUH$KDUGQHVVRI DSSUR[LPDWHO\ ,W LV
KLJKO\UHVLVWDQWWRZHDUDQGHQYLURQPHQWDODQGFKHPLFDOLQIOXHQFHVDQG
WKXV RIIHUV DQ H[FHSWLRQDOO\ ORQJ OLIHVSDQ ,Q IDFW LWV VHUYLFH OLIH LV
W\SLFDOO\ VXEVWDQWLDOO\ ORQJHU WKDQ WKDW RI FRQQHFWLQJ URDGZD\ VXUIDFH
PDWHULDOV
7KHMRLQWLVIXOO\IXQFWLRQDODWWHPSHUDWXUHVRI±&WR&±)
WR)±DPDMRULPSURYHPHQWRYHUDVSKDOWLFSOXJMRLQWV'XHWRLWV
JRRGSHUIRUPDQFHDWORZWHPSHUDWXUHVWKHPDWHULDOFDQEHXVHGLQYHU\
FROG FOLPDWHV ,W LV DOVR YHU\ YHUVDWLOHZLWK YLUWXDOO\ DQ\ FRPPRQ MRLQW
VKDSHSRVVLEOH±HJZLWKXSVWDQGVVNHZDQJOHVDQG7VKDSHGRU;VKDSHG
MXQFWLRQV>)LJ@
,QVWDOODWLRQLVUHODWLYHO\HDV\QRWRQO\LQFRPSDULVRQZLWKWUDGLWLRQDODVSKDOWLFSOXJMRLQWVEXWDOVRFRPSDUHGZLWK
H[SDQVLRQMRLQWVRIRWKHUW\SHV:LWKQRODUJHKHDY\SDUWVOLIWLQJSODQWLVQRWUHTXLUHGDQGWKHSRXUHGPDWHULDODGDSWV
WRVXLWWKHGLPHQVLRQVRIWKHSUHSDUHGUHFHVV7KHWZRFRPSRQHQW38PDWHULDOLVPL[HGIURPFRPSOHWHSDFNLQJXQLWV
DW DPELHQW WHPSHUDWXUHV PLQLPL]LQJ WKH ULVN RI VXERSWLPDO PL[LQJ DQG LQVWDOODWLRQ 3URFHVVLQJ LV SRVVLEOH DW
WHPSHUDWXUHVIURP&WR&)WR)YLUWXDOO\LQGHSHQGHQWRIKXPLGLW\DQGWKHMRLQWFDQEHGULYHQRYHU
DIWHURQO\DIHZKRXUV
,QWKHFRQWH[WRIEULGJHPDLQWHQDQFHLQSDUWLFXODU±ZKHQWKHMRLQWLVLQVWDOOHGWRUHSODFHDQH[LVWLQJRQH±WKH
EHQHILWVRIWKHMRLQW¶VXVHDUHHYHQPRUHSURQRXQFHG7KHMRLQWFDQW\SLFDOO\EHODLGZLWKLQWKHGHSWKRIDEULGJH¶V
DVSKDOWVXUIDFLQJDYRLGLQJWKHQHHGWREUHDNRXWDQ\FRQFUHWHHWF:LWKRQO\PLQLPDODPRXQWVRIDQH[LVWLQJVWUXFWXUH
WR EH UHPRYHG DQG TXLFN LQVWDOODWLRQ DQG VKRUW PDWHULDO FXULQJ WLPHV WKH QHZ MRLQW FDQ EH LQVWDOOHG TXLFNO\
HFRQRPLFDOO\DQGUHOLDEO\7KHVSHHGRILQVWDOODWLRQHJZLWKDMRLQWUHSODFHGGXULQJDQLJKWVKLIWZLWKQHZMRLQWV
EHLQJWUDIILFDEOHZLWKLQMXVWDIHZKRXUVPLQLPL]HVLPSDFWVRQWUDIILF,IUHTXLUHGLPSDFWVRQWUDIILFFDQEHIXUWKHU
UHGXFHGE\LQVWDOOLQJWKHQHZMRLQWODQHE\ODQH±DQDSSURDFKWKDWLVIXOO\VXSSRUWHGE\WKHMRLQW¶VGHVLJQ,QSKDVHG
LQVWDOODWLRQWKHDOUHDG\FXUHG38PDWHULDORIDSUHYLRXVVWDJHLVFKHPLFDOO\UHDFWLYDWHGE\WKHIUHVKPDWHULDOFUHDWLQJ
DKLJKVWUHQJWKERQG7KHVDPHFKHPLFDOUHDFWLYDWLRQRISUHYLRXVO\FXUHG38PDWHULDODOVRHQDEOHVPLQRUGDPDJHWR
DQH[LVWLQJSRO\XUHWKDQHMRLQWWREHHDVLO\UHSDLUHGVLPSO\E\SRXULQJIUHVKPDWHULDORQWRWKHGDPDJHGDUHD
)LJ0DLQHOHPHQWVRIDW\SLFDO3RO\IOH[$GYDQFHG38H[SDQVLRQMRLQW
)LJ -XQFWLRQVVXFKDV7RU;VKDSHSRVVLEOH
112   Gustav Gallai /  Procedia Engineering  156 ( 2016 )  109 – 115 
1.3. Summary of advantages and benefits 
 ([FHSWLRQDOORQJZRUNLQJOLIHORQJHUWKDQDGMDFHQWVXUIDFHV
 +LJKHVWSRVVLEOHGULYHUFRPIRUW
 1RQRLVHIURPFURVVLQJWUDIILFGXHWRVXUIDFHWKDWLVIOXVKZLWKDGMDFHQWURDG
 :DWHUWLJKW
 0DLQWHQDQFHIUHHQRFOHDQLQJUHTXLUHG
 4XLFNO\LQVWDOOHGODQHE\ODQHZLWKPLQLPDOWUDIILFLPSDFWVGULYDEOHDIWHUDIHZKRXUV
 ,QVWDOODWLRQZLWKLQDZLGHWHPSHUDWXUHUDQJH&WR&)WR)
 :HDUUHVLVWDQWQRPHFKDQLFDOZHDUSDUWV
 1RUXWWLQJKLJKUHVLVWDQFHWRDEUDVLRQHJIURPEUDNLQJWUDIILF
 'DPDJHWRWKHMRLQWFDQEHHDVLO\UHSDLUHGE\UHDFWLYDWLRQRIWKH38PDWHULDO
 1RUHFHVVIRUDQFKRUDJHLQVWUXFWXUDOFRQFUHWHQHFHVVDU\
 6XUIDFLQJDVSKDOWRUFRQFUHWHFDQEHDSSOLHGFRQWLQXRXVO\EHIRUHMRLQWLQVWDOODWLRQ
 $Q\KRUL]RQWDOEHQGLQWKHMRLQWSRVVLEOH
 $Q\FXUEVLGHZDONGHWDLOSRVVLEOH
 /RZUHDFWLRQIRUFHV
 &ROGSURFHVVLQJDQGHDV\KDQGOLQJZLWKSUHVHWPL[LQJUDWLRPLQLPL]HVULVNRIPL[LQJHUURUV
 5HVLVWDQWWRHQYLURQPHQWDOLQIOXHQFHVDQGDFLGVEDVHVFKORULGHVHWF
 6PRRWKVXUIDFHLGHDOIRUSHGHVWULDQDUHDVHJLQDLUSRUWVDQGUDLOZD\VWDWLRQV
,QVWDOODWLRQ
7KHLQVWDOODWLRQRID3RO\IOH[$GYDQFHG38MRLQWLVFDUULHGRXWLQWKHVDPHZD\DVZLWKIOH[LEOHPDGHRIFRPPRQ
MRLQWVPDGH RIPRGLILHG DVSKDOWLFPDWHULDO 7KH RQO\ GLIIHUHQFH LV WKDW 3RO\IOH[ FRPHV DV FRPSOHWHO\ WR EH FROG
SURFHVVHGPDWHULDOWKDWSUHYHQWVLQSUDFWLFHIURPDOONLQGRIIDLOXUHVGXHWRVLWHFRQGLWLRQVZKHUH\RXFDQQRWDFFXUDWHO\
PHHWWHPSHUDWXUHUHTXLUHPHQWV
7HVWVDQG9HULILFDWLRQV
3.1.Testing prior to awarding of European Technical Approval (ETA)
,QFRQQHFWLRQZLWK WKHDZDUGLQJRID(XURSHDQ7HFKQLFDO$SSURYDOZLWKYDOLGLW\DFURVV WKH(XURSHDQ8QLRQ
H[WHQVLYHWHVWLQJDQGFHUWLILFDWLRQZDVFDUULHGRXWE\WKH%XQGHVDQVWDOWIU0DWHULDOIRUVFKXQJXQG±SUIXQJ%$0
%HUOLQE\ WKH3UIDPW IU9HUNHKUVZHJHEDXRI WKH7HFKQLFDO8QLYHUVLW\RI0XQLFK780DQGE\ WKH0$3$*
WHVWLQJLQVWLWXWH$XVWULD
3.2. Testing of bond strength of PU material 
7KHWHVWVLQFOXGHGYHULILFDWLRQVRIERQGVWUHQJWKRQYDULRXVVXUIDFHVVXFKDVFRQFUHWHSRO\PHUFRQFUHWHVWHHODQG
DVSKDOW7KH UHFRUGHGYDOXHVZHUHYHU\KLJK HYHQDW ORZ WHPSHUDWXUHVGHPRQVWUDWLQJH[FHOOHQW UHVLVWDQFH WRGH
ERQGLQJDQGWKXVDOVRH[FHOOHQWUHVLVWDQFHWROHDNLQJ
3.3. Assessment of ageing and temperature characteristics of the PU material 
7KHDJHLQJDQGWHPSHUDWXUHFKDUDFWHULVWLFVRIWKH38MRLQWILOOLQJPL[WXUHZHUHHYDOXDWHGDWWKH%$0LQVWLWXWHLQ
%HUOLQDIWHUDJHLQJIRUKRXUV7KHHYDOXDWLRQEDVHGRQ,62ZDVFDUULHGRXWRYHUDWHPSHUDWXUHUDQJHIURP
&WR&%RWKWKHFRPSOH[PRGXOXV_*_DQGWKHORVVIDFWRUWDQįGHPRQVWUDWHYHU\JRRGSHUIRUPDQFHIRU
WKHGHFODUHGWHPSHUDWXUHUDQJHRI&WR&
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3.4. Testing of mechanical resistance t 
$W WKH 780 LQVWLWXWH LQ 0XQLFK D IXOOVFDOH DVVHPEOHG MRLQW
VSHFLPHQLQWKHPD[LPXPRSHQLQJSRVLWLRQZDVVXEMHFWHGWRDWHVWORDG
RIN1YLDDSQHXPDWLFW\UH>)LJ@7KHFRQWDFWSUHVVXUHZDV
03D WKH WHPSHUDWXUH ZDV & DQG WKH VSHFLPHQ OHQJWK ZDV
DSSUR[LPDWHO\ P 7KH WHVW ZDV FDUULHG RXW LQ DFFRUGDQFHZLWK WKH
$XVWULDQ VWDQGDUG 596 DQG WKH DSSURSULDWH (XURSHDQ 7HFKQLFDO
$SSURYDO*XLGHOLQHGUDIW(7$*3DUW$QQH[00HWKRGDDQG
UHFRUGHGGHIRUPDWLRQDIWHUORDGLQJDQGDQ\VXEVHTXHQWUHFRYHU\FXUYH
,Q WKH WHVWGHIRUPDWLRQVRIPD[PPZHUH UHFRUGHG LPPHGLDWHO\
DIWHUXQORDGLQJDQGZLWKLQRQHKRXURIXQORDGLQJDFRPSOHWHHODVWLF
UHFRYHU\RIWKHVXUIDFHKDGRFFXUUHG1RGDPDJHVRURWKHUFKDQJHVWR
WKHVXUIDFHZHUHGHWHFWHG
3.5. Testing of resistance to fatigue 
$ VHFRQG IXOOVFDOH MRLQW VSHFLPHQZDV WKHQ VXEMHFWHG WR IXUWKHU WHVWLQJ DW 7800XQLFK 7KH WHVW LQYROYHG
UHSHDWHGUROOLQJRYHUE\DSQHXPDWLFZKHHODWDQHOHYDWHGWHPSHUDWXUHRI&LQDFFRUGDQFHZLWKGUDIW(7$*
3DUW$QQH[00HWKRGE7KHFRQWDFWSUHVVXUHRIWKHSQHXPDWLFW\UHZDV03DDQGWKHQXPEHURIRYHUSDVVHV
ZDVZLWKRIWKHVHH[HFXWHGZLWKDQDGGLWLRQDORIKRUL]RQWDOORDGWRVLPXODWHEUDNLQJIRUFHV$IWHUWKH
WHVWQRGHERQGLQJRUFUDFNLQJZDVREVHUYHGDQGWKHWHVWZDVSDVVHG
2QWKHEDVLVRIH[SHULHQFHLQ(XURSHZLWKWKHVDPHWHVWLQJSURFHGXUHIRUDVSKDOWLFSOXJMRLQWVDQGYDULRXVQDWLRQDO
UHJXODWLRQVWKLVVXFFHVVIXOKLJKWHPSHUDWXUHWHVWLQJZRXOGVXSSRUWD\HDUVHUYLFHOLIHFDWHJRUL]DWLRQ
,QDGGLWLRQDVWDQGDUGL]HGUXWWLQJWHVWZDVFDUULHGRXWDW&LQDFFRUGDQFHZLWK(17KHSLFWXUHVLQ
)LJXUH VKRZ WKHHQRUPRXVGLIIHUHQFH LQSHUIRUPDQFHEHWZHHQ WUDGLWLRQDO DVSKDOWLFSOXJ MRLQWPDWHULDO DQG WKH
3RO\IOH[$GYDQFHG38PDWHULDO

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3.6. Testing of movement capacity  
7RHYDOXDWHWKHPRYHPHQWFDSDFLW\RIWKHIXOOVFDOHMRLQWVSHFLPHQDWHVWZDVSHUIRUPHGDWWKH%$0LQVWLWXWHLQ
%HUOLQ LQ DFFRUGDQFH ZLWK GUDIW (7$*  3DUW  $QQH[ 1 7KH FRPSOHWH GHFODUHG PRYHPHQW UDQJH IURP
PD[LPXPHORQJDWLRQWRPD[LPXPFRPSUHVVLRQZDVWHVWHGZLWKWHPSHUDWXUHYDU\LQJV\QFKURQRXVO\WRWKHUHOHYDQW
GHIRUPDWLRQVWDWHEHWZHHQ&DQG&'XULQJWKHWHVWUHDFWLRQIRUFHVDQGGHIRUPDWLRQVZHUHUHFRUGHG
7KH VSHFLPHQ ZDV DOVR VXEMHFWHG WR  VLQXVRLGDO F\FOHV ZLWK DQ DPSOLWXGH RI  PP DW DPELHQW
WHPSHUDWXUHDQGDIUHTXHQF\RI+],QDGGLWLRQG\QDPLFSURSHUWLHVZHUHYROXQWDULO\WHVWHGDW&7KHG\QDPLF
EHKDYLRURIWKHPDWHULDOZDVVKRZQWREHH[FHOOHQWZLWKWKHVSHFLPHQVKRZLQJQRLUUHJXODULWLHVRUVLJQVRIIDWLJXH
DIWHUWKHWHVWLQJ
)LJ0HFKDQLFDOUHVLVWDQFHWHVWLQJDWWKH780
)LJ&RPSDULVRQRIIOH[LEOHSOXJMRLQWPDWHULDOVDIWHUUXWWLQJWHVWDFFWR(1DW&/HIW&RPPRQDVSKDOW
SOXJPDWHULDODIWHUF\FOHV5LJKW3RO\IOH[$GYDQFHG38DIWHUF\FOHV
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3.7. Movement capacity Testing of watertightness 
$IWHU VXFFHVVIXOO\ SDVVLQJ WKH DIRUHPHQWLRQHG PRYHPHQW
WHVWLQJ WKH IXOOVFDOH VSHFLPHQZDV VXEMHFWHG WR DZDWHUWLJKWQHVV
WHVWDWWKH%$0LQVWLWXWHLQ%HUOLQ>)LJ@$WWKHPD[LPXPRSHQLQJ
SRVLWLRQRIWKHMRLQWZDWHUZDVDSSOLHGWRDOHYHORIPPDERYH
WKHKLJKHVW SRLQW RI WKH MRLQW DQGPDLQWDLQHG DW WKDW OHYHO IRU VL[
KRXUV$IWHUWKHWHVWQRVLJQVRIOHDNDJHRUPRLVWXUHFRXOGEHIRXQG
XQGHUWKHVSHFLPHQ


3.8. Measurement of level differences in the surface 
7KHIODWQHVVRIWKHIXOOVFDOHVSHFLPHQZDVFKHFNHGSULRUWRWKHDERYHPHQWLRQHGWHVWVWRYHULI\WKDWDQ\GHYLDWLRQV
LQWKHOHYHORIWKHGULYLQJVXUIDFHIURPWKHLGHDOFRQQHFWLRQOLQHEHWZHHQWKHWZRDGMDFHQWSDYHPHQWVZLWKRXWDQ\
LPSRVHGKRUL]RQWDOGHIRUPDWLRQVDQGLQWKHXQORDGHGFRQGLWLRQDUHQRWJUHDWHUWKDQPP±LQDFFRUGDQFHZLWKWKH
$XVWULDQVWDQGDUG596DQGWKHUHOHYDQW(7$*
$IWHUORDGLQJJUHDWHUGHYLDWLRQVDUHSHUPLWWHGEXWWKHVHPXVWQRWH[FHHGPP9HULILFDWLRQFKHFNVZHUHFDUULHG
RXW GXULQJ DQG DIWHU ERWK WKH IDWLJXH DQGPRYHPHQW WHVWV DV GHVFULEHG DERYH 7KH UHVXOWV ZHUH SRVLWLYH ZLWK D
PD[LPXPOHYHOLQFUHDVHRIPPDQGDPD[LPXPOHYHOGHFUHDVHRIPPEHLQJUHFRUGHG
3.9. Testing of skid resistance 
$IXOOVFDOHVSHFLPHQZDVVXEMHFWHGWRVNLGUHVLVWDQFHWHVWLQJZLWKDSRUWDEOHVNLGUHVLVWDQFHSHQGXOXPWHVWHUDV
GHVFULEHGLQ(1XVLQJWKH&(1UXEEHUVOLGHUIRUFDUULDJHZD\VDQGWKH6UXEEHUVOLGHUIRUIRRWSDWKDUHDV

3.10. Durability tests 
7HVWLQJZDVFDUULHGRXWRQWKHMRLQW¶VFRPSRQHQWVWRYHULI\GXUDELOLW\FKDUDFWHULVWLFVDVIROORZV
 5HVLVWDQFHWRFKHPLFDOVVXFKDVRLOIXHODQGGHLFLQJDJHQWVSHU(1,62
 7HPSHUDWXUHEDVHGDJHLQJ9DULRXVWHVWVDFFRUGLQJWR(13DUWVDQG
 $JHLQJUHVXOWLQJIURP89UDGLDWLRQDQGZHDWKHULQJ/RQJWHUPWHVWVKRXUVWR75
 $JHLQJUHVXOWLQJIURPR]RQH7HVWDFFRUGLQJWR,62
 )UHH]HWKDZWHVWZLWKWKDZVDOWDFFRUGLQJWR(13DUW
(XURSHDQ7HFKQLFDO$SSURYDO
$VDUHVXOWRIWKLVWHVWLQJWKHH[SDQVLRQMRLQWKDVEHHQDZDUGHGD(XURSHDQ7HFKQLFDO$SSURYDO(7$7KLV(7$
FRYHUVMRLQWVRIWKLVW\SHWKDWDFFRPPRGDWHORQJLWXGLQDOPRYHPHQWV6/6RIXSWRPPPPH[SDQVLRQDQG
PPFRPSUHVVLRQZLWKDWKLFNQHVVRIPPDQGDQLQLWLDOZLGWKRIPP$OOW\SHVDUHGHVLJQHGIRUDYHUWLFDO
GLVSODFHPHQWRIPPSHUPLWWLQJEULGJHEHDULQJUHSODFHPHQWZRUNWREHFDUULHGRXWZLWKRXWGDPDJLQJWKHMRLQW
)XUWKHUQDWLRQDODSSURYDOVKDYHDOVREHHQDZDUGHG)RUH[DPSOHDQDSSURYDOLVVXHGE\1(;&2WKH:HVW-DSDQ
+LJKZD\$GPLQLVWUDWLRQRQWKHEDVLVRIVSHFLDOO\FRPSOHWHGWHVWLQJKDYHYDOLGLW\ULJKWDFURVV-DSDQ
$GGLWLRQDO7HVWLQJ
5.1 Cold climate 
6LQFHWKHXVHRIVSLNHGW\UHVLQZLQWHUGULYLQJFRQGLWLRQVLVVWLOOFRPPRQLQVRPHDUHDVWHVWLQJZDVFDUULHGRXWDW
WKH97,/LQN|SLQJWHVWLQJLQVWLWXWHLQ6ZHGHQWRYHULI\UHVLVWDQFHWRVXFKGHPDQGV7KHWHVWZDVSHUIRUPHGLQ-XQH
DFFRUGLQJWR(1$DQGGHPRQVWUDWHGH[FHOOHQWUHVLVWDQFHZLWKDQDEUDVLRQYDOXHRI$EU$ WR
PO%\FRPSDULVRQWUDGLWLRQDODVSKDOWLFVXUIDFLQJZLWKDYDOXHRIOHVVWKDQPOZRXOGEHFODVVLILHGDV³YHU\JRRG´
)LJ9HULILFDWLRQRIZDWHUWLJKWQHVVLQIXOO\RSHQ
SRVLWLRQIROORZLQJPRYHPHQWFDSDFLW\WHVW
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5.2 Japan 
)RUWKHXVHRI3RO\IOH[$GYDQFHG38H[SDQVLRQMRLQWVRQ-DSDQHVHKLJKZD\VDQG
QDWLRQDO URDGV D FRPSOHWH YHULILFDWLRQ DFFRUGLQJ WR -DSDQHVH UHJXODWLRQV ZDV
QHFHVVDU\7KHPDLQIRFXVHVRIWKHWHVWLQJDWWKHRIILFLDO-DSDQHVHWHVWLQJLQVWLWXWH
DW)XML)LJZHUHYHULILFDWLRQVRIUHVLVWDQFHWRUXWWLQJDEUDVLRQVNLGUHVLVWDQFH
DQG WKH DELOLW\ WR DFFRPPRGDWH ERWK VORZ DQG IDVW PRYHPHQWV 7KH FRPSOHWH
WHVWLQJSURJUDPZDVVXFFHVVIXOO\FRPSOHWHGLQVSULQJ



7\SLFDO$SSOLFDWLRQV
,QJHQHUDO3RO\IOH[$GYDQFHG38H[SDQVLRQMRLQWVPD\EHXVHGIRUDOPRVWDQ\VPDOOPRYHPHQWDSSOLFDWLRQQHZ
EXLOGRUUHIXUELVKPHQWEXWWKHIROORZLQJFDVHVDUHZRUWK\RIVSHFLDOPHQWLRQ
 5DLOZD\EULGJHVDVZHOODVURDGEULGJHV
 $UFKLWHFWXUDODSSOLFDWLRQV
 3HGHVWULDQDUHDVF\FOHODQHV
 $UHDVZKHUHFOHDQOLQHVVLVYHU\LPSRUWDQWHJSKDUPDFHXWLFDODQGIRRGSURFHVVLQJLQGXVWULHVKRVSLWDOV
DQGODERUDWRULHV
 $UHDVZKHUHUHVLVWDQFHWRDFLGVDQGEDVHVLVUHTXLUHGHJFKHPLFDOLQGXVWU\
 5HSODFHPHQWRIH[LVWLQJH[SDQVLRQMRLQWV
&RQFOXVLRQV
7KH3RO\IOH[$GYDQFHG38H[SDQVLRQMRLQWRIIHUVDOOWKHEHQHILWVRIWKHWUDGLWLRQDODVSKDOWLFSOXJH[SDQVLRQMRLQW
± LQFOXGLQJ VPRRWK VDIH ORZQRLVH VXUIDFH JUHDW DGDSWDELOLW\ DQG HDV\ LQVWDOODWLRQ+RZHYHU LW RYHUFRPHV WKH
QXPHURXVGLVDGYDQWDJHVDQGFKDOOHQJHVWKDWKDYHDOZD\VSODJXHGDVSKDOWLFSOXJMRLQWV,WRIIHUVHQRUPRXVO\LPSURYHG
VWUHQJWKHODVWLFLW\DQGGXUDELOLW\ UHVXOWLQJLQPXFKOHVVPDLQWHQDQFHDQGIDUPRUHUHOLDEOHZDWHUWLJKWQHVV ,WDOVR
RIIHUV JUHDWHU PRYHPHQW FDSDFLW\ DQG XQLIRUP PDWHULDO EHKDYLRU RYHU WKH WHPSHUDWXUH UDQJH & WR  &
,QVWDOODWLRQ LV IDU HDVLHU DQG OHVV SURQH WR HUURU ZLWK WKH WZRFRPSRQHQW FRPSRXQG EHLQJ PL[HG DW DPELHQW
WHPSHUDWXUHV$QGGDPDJHWRSUHYLRXVO\SODFHGPDWHULDOFDQEHHDVLO\DQGUHOLDEO\UHSDLUHGE\SRXULQJRIQHZ38
PDWHULDORQWRWKHROGGDPDJHGPDWHULDOFKHPLFDOO\UHDFWLYDWLQJLW7KHVSHHGRILQVWDOODWLRQDQGFXULQJRIWKHPDWHULDO
LVSDUWLFXODUO\EHQHILFLDOZKHQWKHMRLQWLVLQVWDOOHGRQDQH[LVWLQJVWUXFWXUHWRUHSODFHDQROGH[SDQVLRQMRLQWDVWKH
DPRXQW RI GHPROLWLRQ UHTXLUHG LVPLQLPDO DQG WKH FRQVWUXFWLRQ DQGPDWHULDO FXULQJ WLPH LV VR VKRUWPLQLPL]LQJ
GLVUXSWLRQWRWUDIILF)RUWKHVHUHDVRQVDQGPRUHWKLVPRGHUQSOXJW\SHH[SDQVLRQMRLQWLVOLNHO\WREHLQFUHDVLQJO\
XVHGLQ\HDUVWRFRPHLQERWKEULGJHFRQVWUXFWLRQDQGEULGJHPDLQWHQDQFH
)LJ7HVWLQJDWWKH)XML
